As sustainability reporting has emerged as one of the most critical issues in the business world, this research aims to investigate the relationship between sustainability reporting and firm value based on listed companies in Singapore. We use an established sustainability reporting assessment framework and test how both the adoption and quality of sustainability reporting are related to a firm's market value. Empirical results suggest that sustainability reporting is positively related to firm's market value and this relationship is independent of sector or firm status such as government-linked companies and family businesses.
Introduction
Non-financial corporate performance has begun to capture the attention of increasing number of investment professionals as they realize that profitability alone is not sufficient for a firm's long-term growth. By looking beyond economic, strategic and operational factors to include environmental and social considerations, sustainability reporting helps boost corporate transparency, strengthen risk management, promote stakeholder engagement and improve communications with stakeholders [1] . Firms are commonly assumed to pursue profit maximization while such non-financial disclosure seems to be costly. However, researchers have shown that there is a linkage between sustainability disclosure and firm value [2] . Most of the studies are specifically concerned with the more advanced and mature economies. For Asia, especially Singapore, we have moved beyond Khaveh, Nikhasemi, Haque and Yousefi's [3] paper, which was an early study drawn from a limited sample of selected industries based on a primarily disclosure assessment driven by corporate social responsibility (CSR). Our study adopts a more holistic measurement of sustainability based on a more representative sample of all mainboard-listed companies on the Singapore Exchange (SGX).
In the study, we utilize the well-known practice tool, Global Reporting Initiative (GRI), as it provides a common ground for sustainability reporting and has been very successful in terms of the adoption rate, comprehensiveness, prestige, and visibility [4, 5] . It is not a theoretical framework in itself, although it has been used extensively by companies. Following GRI guidelines, sustainability reporting refers to the disclosure of following four main aspects, economic, environmental, social and governance, in a strategic manner. Sustainability in the current form is a broader concept, and shall not be taken as equivalent as CSR alone. However, sustainability reporting is often associated with other terms for non-financial reporting such as "CSR" reporting or "triple bottom line" reporting.
It is worth noting that there has been a proliferation of reporting regulations that incentivize companies to improve their sustainability disclosure [6] . For example, sustainability reporting will be changed from voluntary to reporting on "comply or explain" basis in Singapore, which signifies that increasing attention will be paid on sustainability for Singapore listed companies [1] .
As sustainability reporting is a relatively new topic in Asia, only a limited number of studies have been done in the region, especially the key business hub of Singapore. Our paper is among the pioneers that has studied sustainability and linked its disclosure to firm value, which helps validate the sustainability reporting policies in Singapore. In addition, our assessment framework of sustainability reporting is aligned with international guidelines and has taken local factors into consideration.
This paper examines the relationship between firms' sustainability reporting and market value. After the introduction section, this paper reviews existing literature on the relationship between sustainability reporting and firms' market value. Based on the literature, we discuss the theories and come out with the hypotheses. The next section explains the data and methodology, followed by the empirical results and analysis. In the last two parts, we highlight the contributions and limitations of this study, and then draw the conclusions.
Literature Review
The treatment of sustainability overlaps with that for CSR in the literature. While there is a conceptual distinction between the two terminologies in that sustainability is a broader notion, CSR is often addressed in conjunction with sustainability as it is a means to achieve this sustainability. In reality, the commonality exists essentially in the reporting practices and the CSR is often deemed an aspect of sustainability.
Scholars have started to pay attention to the potential linkage between sustainability reporting and market value for some time. For instance, Herremans, Akathaporn and Mclnnes [7] find that large U.S. manufacturing companies with better reputations for social responsibility outperformed companies with poorer reputations during the six-year period 1982-1987, and companies with higher profits tend to be more socially responsible, resulting in a steadier performance and lower total risk. With increasing awareness of corporate social responsibility, more research has been conducted. For example, Simpson and Kohers [8] find a positive relationship between CSR and financial performance, based on the sample of companies from banking industry and the use of Community Reinvestment Act ratings as the social performance measure. Later in 2003, Orlitzjy, Schmidt and Rynes [9] conducted a meta-analysis of 52 studies with a total sample size of 33,878 observations. They conclude that corporate social performance is positively correlated with corporate market value. In general, corporate virtue in the form of social and, to a lesser extent, environmental responsibility is rewarding.
As sustainability practices becomes more widely adopted by socially conscious corporations, the relationship between sustainability and firm value has also been explored by scholars in recent years. Using the Dow Jones Sustainability Index (DJSI), Clark and Allen [10] conclude that wealth maximization is associated with sustainability leadership. In addition, according to Ameer and Othman [11] , significantly higher mean sales growth, return on assets, income before taxes and cash flows from operations in some sectors are discovered when companies engaged in sustainable practices compared to those who did not, based on data of the top 100 sustainable global companies in 2008. In addition, publishing a sustainability report is found to have positive effects on the firm's market value, which implies that investors attach a positive value to such reports and thus reflecting the anticipation of future cash flows [2] .
Nevertheless, such positive relationship does not stand for other studies. For example, no direct relationship between share returns and social and environmental disclosure among UK companies is found [12] . A short-term negative impact of sustainability practices on firm performance is revealed in López, Garcia and Rodriguez's [13] analysis of two groups of 55 firms listed on the DJSI and Dow Jones Global Index (DJGI) from 1998 to 2004. Furthermore, the results of Cormier and Magnan's [14] paper are also contradictory. They find that environmental disclosure has a moderating impact on the stock market valuation of a German firm's earnings but does not significantly influence the stock market valuation of Canadian and French firms' earnings. In addition, Guidry and Patten [15] find that there is no significant market reaction to the announcement of the release of sustainability reports, but companies with the highest quality reports exhibited significantly more positive market reactions than companies issuing lower quality reports, and Carnevale, Mazzuca and Venturini [16] have not found strong evidence among European banks that social reporting is positively correlated with the market value of firms. In their cross-country analysis, only in some countries does social reporting contribute to a higher market value; in some others, this correlation is a negative one. In general, there is no universal conclusion on the relationship between sustainability reporting and firm value.
Meanwhile, other aspects have been explored as well. Some scholars study on the effect of financial crisis and conclude that CSR reporting and assurance may help companies differentiate their products or services from the competition and reinforce the trust from stakeholders, as results show that the number of CSR reports increases significantly with the crisis [17] . Some focus on the motivation. To name a few, Branco and Rodrigues [18] point out two main factors that motivate companies to publish CSR reports: good relations with stakeholders, and conforming to stakeholder norms on operations, and Souto [19] thinks that CSR offers confidence to stakeholders in terms of responsibility and trust.
In terms of a domestic context, findings from Khaveh et al.'s [3] study of Singaporean companies also reveal a positive and significant relationship between CSR disclosure and shareholder wealth.
Theoretical Approach
There are a number of existing theories on the relationship between sustainability disclosure and firms' market value.
In fact, unifying all empirical findings within one theoretical framework remains a challenge, so sustainability reporting is a complex phenomenon that cannot be explained by a single theory [20, 21] . Among them, some of the most commonly seen include agency theory, signal theory and legitimacy theory.
According to agency theory, voluntary disclosure of firms, mainly on social and environmental aspects, is a means to reduce agency costs or future agency costs that may occur in the form of legislation and regulation [20, 22] . This reduction in the costs will affect the risk profile and profitability of companies and thus affect the market value. Signal theory, in addition, suggests that companies that disclose on environmental issues send a signal that they are engaged in proactive environmental strategy as they are incentivized to inform shareholders and other stakeholders by voluntarily disclosing more [23, 24] . Therefore, these positive signals make the companies more appealing to investors in the stock market. In the perspective of legitimacy theory, corporate social reporting provides information that legitimizes company's behavior with the aim to influence stakeholders' and eventually society's perceptions about the company [25, 26] , resulting in a higher firm value. It has become one of the most cited theories when it comes to social and environmental accounting [27] .
After considering the above theories, the following hypothesis is proposed for the relationship between making disclosure on sustainability and market value of companies: Hypothesis 1 (H 1 ). Companies with sustainability reporting will have a higher market value than companies without sustainability reporting.
Other than reporting on the sustainability related issues, the quality of the report also matters. Many benefits from good CSR reporting within the broader related aspect of sustainability, such as attraction of better talent and motivation of employees, cannot be mimicked by poor CSR performers as the latter face obligations to incur future CSR expenditures with no incremental returns to shareholders, which implies that CSR disclosures increase firm value [28] [29] [30] [31] .
From the management's point of view, moreover, higher quality of disclosure contributes to the reduction of information asymmetry between managers and investors, as it reassures the investors on many an aspect of operations and performance, which, in turn, helps reduce the information costs incurred by investors [32] . Therefore, expanded disclosure serves as an incentive to minimize the firm's cost of capital, thus reducing the firm's cost of capital and increasing the stock liquidity as well as the valuation [33, 34] . In addition, higher disclosure or better sustainability reporting improves the credibility of firms' profitability as it allows investors to make decisions with less risks and more efficiency [14, 35, 36] , which may suggest higher firm value.
As a result, we also examine the quality of the sustainability report on firm value and propose the following hypothesis:
Hypothesis 2 (H 2 ).
Companies with more sustainability disclosure (higher quality of sustainability reporting) will have a higher market value than companies with less sustainability disclosure (lower quality of sustainability reporting).
Data and Methodology

Sample Size and Sources of Data
Our study covers companies listed on the SGX Mainboard. The total sample size is 502, amongst which delisted companies, suspended companies and secondary listings are excluded. Sources of the data include Bloomberg, Osiris and company disclosures.
For sustainability reporting and firm status, all information we consider is publicly available, of which major sources are the annual reports and sustainability reports or equivalents if applicable.
Sustainability Reporting
In this study, sustainability reporting refers to the disclosure of non-financial information, including aspects such as governance, economic, social and environmental. We take information disclosed by companies up to 31 December 2015 into account. Listed firms with annual reports published by the end of 2015 are covered in the study. Sustainability practices of companies disclosed on their corporate website, standalone sustainability report, and/or in the annual report are considered.
First, we analyze whether a company has reported sustainability, and then for those that do, we further evaluate the sustainability reporting level by generating a score using a measurement scheme developed by ASEAN CSR Network and Centre for Governance, Institutions and Organisations [37, 38] . While this scheme is based on the GRI, it is not a conceptual framework but serves to operationalize the sustainability reporting construct. There are 23 criteria in the scheme, grouped into four indicators: Governance, Economic, Environmental and Social, as denoted in Table 1 . A company can be deemed as having sustainability communication if there is a compiled and published report, in other words, substantial information disclosed, for at least one of Environmental and Social aspects on top of having reported on Governance or Economic aspects. Simple descriptions will not be considered as substantial disclosure, and all the information needs to be publicly available. Providing that the company has communicated sustainability, we will evaluate each of the four indicators of the company and then come up with a total score, which is the sustainability reporting score. For the companies that have no disclosure on sustainability, they score zero. For the ones that have, we assign a score from 1 to 5 for each criterion and then convert to the score of that indicator with equal weighting so that each indicator has a maximum score of 25. Subsequently, the sum of the four indicators will generate the total score, which ranges from 20 to 100.
Firm Status
In this paper, a company is defined as a government-lined company (GLC) if a substantial holding of at least 20% is held by the government-owned wealth fund, Temasek Holdings. The threshold is also used by Feng, Sun, and Tong [39] and Ang and Ding [40] , when they examined the performance of GLCs in Singapore.
Meanwhile, we define firms where founders/co-founders or the family members are present among the 20 largest shareholders or as board members as family businesses [41] .
High-Impact Sector
In order to investigate the impact of high-impact sector companies in our analysis, we use the high-impact sectors defined by SGX in the Guide to Sustainability Reporting. Ten high-impact sectors are defined. Details are provided in the empirical analysis section.
Methodology
In this paper, we employed the Ohlson [42] model as the baseline model, which is also used by Xu, Magnan, and Andre [43] , and Berthelot et al. [2] . The model is expressed as:
where: MV i,t+4 is market value four months after financial year-end of company i; BV i,t is book value of common equity at the year-end of company i; EARN i,t is earnings before extraordinary items at the year-end of company i; NEG i,t is a dummy variable equal to 1 if earnings at the year-end of company i are negative in year t and 0 otherwise; ε i,t is the error term. Then, we included the sustainability score dummy variable to examine the relationship between sustainability communication and firm value to examine the H 1 hypothesis. Therefore, we have Model (2) as follows:
where the additional variable SR i,t is a dummy variable equal to 1 if the company i is deemed as communicating sustainability for the year covered and 0, otherwise. Usually, the annual reports and sustainability reports are released in about three to four months after firms' financial year-end. Therefore, we use the market value four months after the financial year-end. According to prior literature, we expect the book value of common equity (BV i,t ) and earnings (EARN i,t ) to be positively related to the market value, and the coefficient of the cross term with dummy variable NEG i,t to be negative as deficit is considered as a negative influence on the stock price. Furthermore, the sustainability reporting dummy variable SR i,t is supposed to be positively related to the market value.
As we cover listed companies in Singapore, we use weighted least squares (WLS) regression with the weight equal to the inverse of the square of stock market value, in order to resolve the scale effect [43] .
After examining the relationship between having sustainability reporting or not and the firm value, we further investigate the relationship between the quality of sustainability reporting and market value to test the H 2 hypothesis. Thus, we replace the dummy variable SR i,t in Model (2) with the sustainability score SRI i,t and have the following Model (3):
where SRI i,t is the sustainability reporting score of the company i. Similarly, if the coefficient is significant, it is expected to be positive. In addition, according to Reddy and Gordon [44] , a statistically significant relationship between sustainability reporting and market returns is found for Australian companies, but not for New Zealand companies. As such, they proposed that the relationship between sustainability reporting and market returns is very much influenced by several contextual factors as well. Some factors include the industry that companies are operating within. Therefore, next, we will examine whether the relationships are driven by firm status or high impact sector. To be more specific, we add three control variables, government-linked companies (GLC i,t ), family business (FB i,t ) and high impact sector (H I i,t ), one by one, in Models (2) and (3) and thus we have six additional models, Model (4) to Model (9), respectively. These models employ additional variables as follows: GLC i,t is a dummy variable equal to 1 if the company i is a government-linked company and 0 otherwise; FB i,t is a dummy variable equal to 1 if the company i is a family business and 0 otherwise; H I i,t is a dummy variable equal to 1 if the company i is operated within the high impact sectors defined by SGX and 0 otherwise.
Assuming that the coefficients for the sustainability variables are significant, if the coefficients of the control variables are significant, the impact of the sustainability reporting is then partially attributed to the firm status or high impact sector, and, if neither is significant, it is safe to conclude that the relationship of sustainability reporting and firm's market value is strong and not driven by firm status or high impact sector. Table 2 summarizes the descriptive statistics of all variables included in this study. In total, out of the 502 companies, 186 have communicated sustainability, or equivalently 37.1% of the companies. In addition, 16 of them are GLCs, all of which have disclosed sustainability related information. Furthermore, there are 279 family firms in the study, constituting 55.6% of all the mainboard-listed companies. Among these firms, 92 (33.0%) communicated sustainability (Table 3) . Table 4 shows that, among the 186 companies that communicated sustainability, the average sustainability reporting score is 43.6. On average, GLCs perform better in terms of sustainability reporting as the average sustainability reporting score is 59.5, which is much higher than that of all 186 companies, 43.6 and that of family firms, 42.2. Although there are only 16 GLCs, the highest sustainability reporting score of all listed companies comes from GLC, while the company with the lowest score is a family business. In general, public Singapore companies do not have much disclosure on sustainability as only about one-third of all mainboard listed companies have sustainability communication, and, for those companies that do communicate, the quality is yet to be improved as the average sustainability reporting score is below 50%.
Results and Analysis
Descriptive Statistics
High Impact Sector Analysis
According to the Singapore Standard Industrial Classification (SSIC) 1996 information on SGX and the ten high impact sectors specified by SGX, 124 (24.7%) out of the 502 companies are operating in the high impact sectors, among which, 39.5% (49 companies) have sustainability reporting. The number of companies in each high impact sector and average score are summarized in Table 5 . While the results are not conclusive due to small sub-sample sizes, it is interesting to note the indicative results. Some of the sectors have higher sustainability communication rates such as the Agriculture sector with all seven companies having sustainability reporting and Mining and Quarrying sector with a communication rate of 75.0%. These two are also classified as high impact sectors that are encouraged to undertake sustainability reporting according to SGX. However, for other sectors, great efforts are yet to be made to improve the sustainability reporting. Among them, Manufacturing (23.9%), Services (36.4%) and Commerce (38.4%) have the lowest disclosure rate (Table 6 ). 
Correlation Analysis
We first examine the correlations between the variables. From Table 7 , we can see that the correlations between book value, earnings before extraordinary items and market value are high (larger than 0.8). In addition, the two sustainability reporting variables relate to the market value with correlation coefficients higher than 0.2. Notes: *** p ≤ 0.01; * p ≤ 0.10.
Regression Results
We start with running the regression of the base model. The next step is to add the dummy variable of sustainability reporting (the H 1 hypothesis) and the sustainability reporting score (the H 2 hypothesis) variables, respectively. Table 8 summaries the results of the three models. According to the results, the base model stands and signs of the coefficients are as expected. In particular, the coefficients of both the dummy and the scale variables are significant and positive. In other words, whether the company has sustainability disclosure or not is positively related to the firm value and better quality is associated with higher market value. Thus, the results suggest that we should accept both hypotheses. Then, we include the GLC, family business and high impact sector control variables and run the regression again. Results are shown in Table 9 . With the control variables, coefficients of rest variables are still significant, but those of all three control variables are not significant, which suggests that statistically there is no relationship between firm status and its market value. Therefore, it reinforces the previous results regarding the link between sustainability reporting and firm value. 
Conclusions
In this paper, we examine the linkage between sustainability reporting and firm value in terms of market value, based on data of mainboard-listed companies in Singapore. With reference to the international standards and local regulations, we use a comprehensive framework to measure the sustainability reporting of firms. While existing studies show mixed conclusions of whether there is a linkage between sustainability and firm value, our results suggest that sustainability disclosure is positively related to the market value of a firm, and the better the quality of sustainability reporting, the stronger the linkage. In addition, we find that firm status such as government ownership, family business and operating in high impact sectors does not have impacts on the linkage.
Our contributions to existing literature are in three key domains. First, for research, our study is a unique examination of the emerging phenomenon of sustainability reporting in Asia, particularly the business and finance hub of Singapore. The empirical results in the new context, compared with those in more matured economic settings, will inspire further investigations to be carried out, especially in the Asian region. New theoretical advancements may also be made subsequently when the results show novel twists in the institutional and cultural environments of Asia.
Second, for practice, our study develops a better understanding on the measurements and implications of sustainability reporting drawing on practice tools that have become global standards such as the GRI. The results will encourage better awareness, acceptance and adoption of sustainability amongst companies, especially with the confidence that there are benefits in terms of market values.
Third, for policy, many governments in various countries, especially those in Asia, are currently looking into how to strengthen the regulatory approaches. As embodied in the challenges of introducing sustainability measures such as in the problems of externalities and free-riding, it will be good if there is empirical evidence on the merits of sustainability. Our study is probably the first of its kind in Asia that marries practical frameworks with rigorous econometric testing. Our results are interestingly positive. These may provide better assurances of validity for policy makers, even as they intensify sustainability regulations in the respective jurisdictions.
In terms of limitations, although our findings suggest a positive relationship between the firm value and sustainability reporting, future studies may be needed to explore the causality effects-whether it is having sustainability reporting or that better quality of sustainability reporting leads to larger market value or firms with larger market value tend to put more effort on the sustainability reporting. Beyond the standard econometric approach that we adopt, an alternative approach is to explicate the causality aspects from an economic experimental angle, along the line of Ciasullo, Maione, Torre and Troisi [45] .
In addition, our paper refers to the GRI guidelines because they are widely recognized across the world, including Singapore. However, there are other established international reporting guidelines such as the IR framework, which highlights the importance of including business model in the reporting. In the future, when more companies follow the IR guidelines, a wider spectrum of business variables may then be involved in the study.
